Most of the past studies on the analysis of landslides are evaluated by determinism. It means the analysis are only two results, stable and unstable. However in the real environment, there are a lot of uncertainty factors that would affect the occurrence of landslides. In the study, the authors consider the hydrological uncertainty and the variability of soil parameters of the slope to propose a new method for the risk evaluation of landslide induced by rainfall. The uncertainty has two types, one is the limitation of observation or experiment and the other one is and the error of data. For the landslides analysis, the uncertainty analysis can be separated by the external force from rainfall and the resistance force of slope stability. In considering the external force, it would focus on the analysis the relationship between rainfall and storage by using storage function model based on the uncertainty rainfall and the analysis of slope stability would consider the deviation of the soil parameters. Finally the occurrence of landslides can be summarized as like the risk evaluation during rainfall based on the stochastic process theory.
INTRODUCTION
Due to global climate change, the scale and frequency of natural disasters are more difficult to predict and measure. Extreme rainfall often brings an astonishing amount of water and causes very serious damage in mountain areas. However the most of past studies of disaster evaluation like flood or landslides are usually calculated by the deterministic method, its result is a dichotomy, safe or failure. In fact, there are a lot of uncertainty factors existing including of the limitation of observation/experiment and the deviation of data.
Therefore in the study, the authors consider the both uncertainty of rainfall and soil parameters to evaluate the occurrence probability of landslides.
The organization of the paper is as following. First is the relationship between rainfall and storage including of determinist and stochastic process theory. Second is slope stability of landslides by infinite slope method, and finally is the occurrence reliability of the landslides during rainfall.
The flow chart of the study is as shown in Fig.  1 . First is the definition of the uncertainty source, it can be divided to rainfall and soil parameters. Here the infiltration induced by rainfall is as the external force and the slope stability is like the resistance force. Second is the calculated method of the uncertainties of infiltration volume and the slope stability. Third is the calculation of the probability distribution of infiltration volume (storage volume) for the failure of landslides. Final is the risk evaluation of landslides. 
RAINFALL AND STORAGE (1) Storage function model
In this study, rainfall-runoff model 1),2) will be used to estimate possible storage change during rainfall. It is based on the continuous equation and kinematic wave equation. It first used the kinematic wave model to conduct the relation equation of rainfall-runoff. Eq. 1 is the continuous equation and Eq. 3 is the rainfall-runoff equation based on the single slope by the kinematic wave equation (Eq. 2). The equation (Eq. 2) expresses the direct outflow of the rainfall in mountain area by using power law to describe the water depth. Eq. 4 is the parameter of Eq. 3. 
(2) Stochastic process According to Yoshimi 3) (2015) the rainfall intensity is ′ , and it shows the mean value of rainfall with dispersion ′ . In considering the non-continuous of rainfall, Eq. 8 can be written to give a new equation Eq. 9:
Here, is the microtime amount of change according to normal distribution 0, √ that based on Wiener process. The first term of right side (Eq. 9) is determinist and the second term is deviation of rainfall.
is used from the diffusion theory of G.I. Taylor 4) , is the standard deviation of rainfall time series, and is time constant. In addition, Fokker-Planck equation is known to describe development at time of the existence density function of the specimen with the phenomena with the probability differential equation. By using this relation, Eq. 9 can be written to give a new equation Eq. 10 :
Eq. 10 shows the probability distribution of storage with time by Fokker-Planck equation.
SLOPE STABILITY (1) Infinite slope method
During rainfall, the instability of slopes is caused by the rainfall water infiltrating into the slope. Therefore, the most important is how to calculate the change of the water volume during the rainfall. Furthermore most of the landslides induced by rainfall is a shallow failure and not circular. Thus in this study, the authors calculate the possible relation equation by infinite slope model to get the effective water volume in slope stability. Here the analysis method uses the modified method of Janbu's simplified method. It uses Janbu's non-circular method with considering the only one slice as the infinite slope method 5) (as Eq. 11).
Here, c' is the cohesion of soil, is the unit weight of soil, αs is the slope gradient, u' is the pore water pressure, ∅′ is the friction angle of soil and h is the possible slide height of soil layer. In this study, when the safety factor, Fs, is smaller than 1.0, it is defined as failure (landslide occurrence).
Pore water pressure is a very important factor to affect the result of safety analysis. However it is very difficult to measure and calculate in unsaturated soil. Here to simplify the problem of pore water pressure, the χ is assumed as a parameter that equals unity for saturated soil and decreases with decreasing degree of saturation as Eq. 12 and Eq. 13. 6) 7) The degree of saturation is calculated by the storage depth as Eq. 14.
Here u is the pore water pressure of full saturation, u' is the pore water pressure of unsaturated soil, Sr is the degree of saturation, e is the void ratio of soil, Gs is the specific weight of soil, and is void raito.
(2)Uncertainty of landslides The soil inner slope is inhomogeneous because of sites, location etc. It means that the soil parameters would be dispersion. However it would be not considered for the safety evaluation in generally. Therefore in this research, the authors would participate in the possible distribution of soil parameters like cohesion and friction angle. According to the past study, the cohesion of soil c' is normal distribution or lognormal distribution, and the friction angle ∅′ is a normal distribution. 8) Here the deviation of soil parameters is shown in Table 1 .
The calculation method of the landslides is as following, P f is the probability of landslides, n is the case number of landslides, and N is the number of all calculation case. In this study, the N is 10,000 in each calculation. 
RISK OF LANDSLIDES
In the study, the infiltration volume from rainfall is defined as the external force; the stability of the slope is defined as the resistance force. The followings would explain the risk evaluation of landslides. The external force is based on the distribution of infiltration volume; the resistance force is based on the failure probability of landslides. According to the infiltration volume, the failure probability can be estimated from 0 to ∞ that s is external force, f s is the PDF of external force, r is resistance force, f R is the PDF of resistance force and the failure condition is . The equation may be is defined in the following:
As the range of S is ~ (as shown in Fig.  2(a) ), and because the failure probability is independent for R and S like Eq. 17.
If the external force s is from -∞ (or 0) to ∞, the failure probability of the levee may be shown as Eq. 18 and f R can be shown as Eq. 19.
Moreover when R is between ~ (as shown in Fig. 2(b) ), the probability is the failure probability of resistance r and when S is larger than r, S is equal 1 that r is between 0 ~ ∞.
(20)
Here is the mean value of failure probability when is and 1 is the mean value of failure probability when s is . As described above, the s and R can be obtained from 0 to ∞ and the failure probability of landslides can be considered when the infiltration volume is from 0 to H (when the soil is saturation). Here , ; is the PDF of external force h with mean h s and standard deviation ; , ; is the PDF of resistance force h with mean h R and standard deviation . Then Eq. 18 may be re-written to Eq. 21.
, ;
, ;
The summation of failure probability from the water level 0 ~ H is and is assumed and transferred to . In numerical methods, is equal .
In conclusion, from the described above, the probability distribution of infiltration volume can be calculated and the f s can be obtained. In the study, the authors are according to the known failure probability of landslides to do the risk evaluation of the resistance of the failure probability of landslides.
CASE STUDY
Final was a case study of Oshima landslide in 2013. The process of calculation displays as Fig. 3 to Fig. 12. (
1) The conditions of calculation
In the followings, the conditions of calculation are including of rainfall conditions and soil parameters.
a) Rainfall
Rainfall 
(2) Results
First is the calculation of infiltration volume. Fig. 3 shows the deterministic results of the rainfall and infiltration, and Fig.4 shows the probability distribution of the storage. Second is the calculation of landslides. Fig. 5 is the deterministic result of the analysis of landslides. It shows the possible change of safety factor during rainfall. By the increasing of infiltration water, the Fs would be decreasing. For the rainfall event, the lowest safety factor is about 1.21 when the hourly rainfall is 118.5mm. Fig. 6 is the distribution of the soil parameters in considering the deviation. Fig. 7 shows the relation among the safety factor Fs, cohesion c' and friction angle ∅′. Fig. 8 is the result of considering the deviation of soil parameters. By comparing the two results, Fig. 5 is always safe however Fig. 8 shows some failure probability existing. Fig. 9 shows the failure probability result as the increasing of infiltration volume. Final is the risk evaluation. The failure ratio of landslides for the integration (from 0 ~ ∞) is combing the PDF of infiltration volume and failure probability of slope. According to the analysis results of Oshima rainfall data, the maximum hourly rainfall was about 118.5 mm and the maximum storage was about 106mm at 4:00 AM, 16 th Oct. By the analysis, the failure ratio can be displayed as Fig. 10 . The figure shows that when the infiltration is increasing gradually, the failure probability is also increasing, and the maximum failure probability is about 11.3 %. Moreover Fig. 10 is different with Fig. 9, Fig. 9 is calculated by the mean volume, Fig. 10 is calculated in Eq. 22 by considering the probability of the volume distribution and the failure probability of landslides. Fig. 12 is the relation schematic diagram of the probability distribution of infiltration volume and failure probability of landslides. According to the both results, the failure ratio of landslides can be estimated. In other words, the integration from the PDF of infiltration volume f S (hs) and the summation of failure probability of landslides f R (hs) can be estimated as the risk evaluation of landslides.
CONCLUSIONS
This research considers the inhomogeneous soil properties to evaluate the safety of slope. Therefore the authors use the random value with a normal distribution of soil parameters c' and ψ' to calculate the safety factor of the slope. First, the safety factor is estimated then based on the uncertainties of rainfall and infiltration volume, the risk analytical solutions of the external force-infiltration volume and the resistance force-slope stability can be calculated. The following descriptions show the main conclusions.
Because of considering the inhomogeneous soil
properties, the safety factor in the same conditions of slope can be different to about 2.5. 2. In considering the inhomogeneous soil properties, uncertainty rainfall and infiltration volume, the risk evolution can be known. From the rainfall beginning, the failure ratio can be estimated. 3. According to the both uncertainties from the external force and resistance force, the result can help to explain why some landslides occur but some safe even if the conditions of these slopes are the same or very similar.
In conclusion, in practice the analysis of slope stability should consider the safety coefficient however the risk tolerance is different for each area. The stochastic process can be used in the risk evaluation for the disasters more scientific. 
